Beat to beat and day to day variation in computer calculated electrocardiographic measurements is described on the basis of a study of normal serial 3 orthogonal lead electrocardiograms recorded on 25 patients. The variation of scalar amplitudes and vector orientations was investigated for both the QRS complex and the ST-T segment. The 96 per cent ranges of beat to beat and day to day variation are presented together with other statistical measurements. The beat to beat variation was always less than the day to day variation for the QRS complex but this was not always the case for ST-T segment data which are more prone to measurement error. The results derived are of value in theformulation of criteria for the detection of abnormal day to day changes in the electrocardiogram by computer.
On the other hand, reports on the use of a digital computer for the detection of day to day changes of clinical importance in serially recorded electrocardiograms have only recently appeared (Macfarlane et al., I972b; Pryor, Lindsay, and England, I972) . A more detailed description of methods used by the authors for interpretation of serial electrocardiograms as part of a routine automated electrocardiogram reporting service is presented elsewhere (Macfarlane, Cawood, and Lawrie, I974 normally be quantified by a physician. Nevertheless they could be interpreted as sequential changes indicative of myocardial infarction. For a digital computer to report day to day changes in electrocardiogram voltage measurements as clinically significant, precise data on the extent of variation which can be regarded as normal must be determined. Therefore, in parallel with the development of computer techniques for routinely comparing electrocardiograms recorded serially from the same patient, it was necessary to determine in the first instance the normal ranges of day to day and beat to beat variation of selected electrocardiogram parameters in order that criteria for abnormal day to day changes could ultimately be developed (Cawood et al., I974) .
The 3 orthogonal lead electrocardiogram, as derived from the modified axial lead system (Macfarlane, i969), was used for this study. It has previously been shown that this system was of equal clinical value compared with the I2 lead electrocardiogram in the computer interpretation of electrocardiograms (Macfarlane, Lorimer, and Lawrie, I97I) . Only a limited amount of information is available on the beat to beat variation (Fischmann, Cosma, and Pipberger, I968) and on the day to day variation (Willems, Poblete, and Pipberger, I972) of the 3 orthogonal lead electrocardiogram. These data, however, were derived from the Frank (1956) system and since measurements made using one lead system cannot readily be translated to another (e.g. Lawrie and Macfarlane, z226 Cawood, Macfarlane, Hillis, and Lawrie I968) , it was necessary to obtain additional measurements on normal electrocardiographic variation using the modified axial lead system. Subjects and methods Serial electrocardiograms were recorded during the period August I97I to September 1972 on 92 patients, who formed two groups. The first group consisted of 25 patients without any evidence of cardiovascular disease.
There were 2I men, with ages ranging from I3 to 75 years (mean age 46 ± I9), and 4 women, with ages ranging from i6 to 53 years (mean age 40 ± i6). Each had a normal 3 and I2 lead electrocardiogram and a normal chest x-ray. In addition, no patient was receiving drug therapy which would affect the cardiovascular system.
The remaining patients had clinical, electrocardiographic, and biochemical evidence of acute myocardial infarction and were studied to obtain data on sequential 3 lead electrocardiographic changes. Results from these patients are presented in an accompanying paper (Cawood et al., 1974) . For the remainder of this paper, only the first group of patients is discussed.
On three different days, during the course of a week, a 3 lead electrocardiogram was taken on each patient. Various cardiographers recorded the electrocardiograms using unmarked electrode positions. Each electrocardiogram was recorded on magnetic tape and then replayed to a PDP8 computing system for analysis using methods which have been discussed previously (Macfarlane, I97I; Macfarlane et al., I972a) . Certain additions to the basic programme were made in view of their possible significance in the detection of serial electrocardiographic changes.
The variation of 32 measurements was studied. These parameters were (a) for the QRS complex: i) the amplitudes of the R wave in leads X and Y and of the S wave in lead Z, which is directed positively to the anterior, cf. I, aVF, V2 (Fig. I) ii) the amplitude of the maximum spatial QRS vector iii) the orientation of the projection of maximum spatial QRS vector onto the frontal (XY), right sagittal (ZY), and transverse (XZ) planes ( Fig. 2) (b) for the T wave: i) the amplitude of the 5/8, 6/8 time normalized ST-T vector components in leads X, Y, and Z ( Fig. 3) ii) the maximum T wave amplitude in leads X, Y, and Z iii) the amplitude of the maximum spatial T vector iv) the orientation of the projection of the maximum spatial T vector, the 5/8 and 6/8 ST-T time normalized vectors onto the frontal (XY), right sagittal (ZY), and transverse (XZ) planes.
Beat to beat variation
To evaluate beat to beat variation, each electrocardiogram was analysed by the computer three times with a show that the day to day variation of the 3 lead electrocardiogram was reduced compared to using unmarked positions. Since the purpose of our study was to establish normal day to day variation of electrocardiograms obtained routinely, it was thought preferable that electrode positions should not be marked and that several electrocardiographers should be involved in recording electrocardiograms from the same patients.
The greatest variation of all measurements was found in P wave data as might be expected. The reasons for this are several in number. First, where there are low voltage P waves of bifid type, the maximum scalar amplitude can alternate from a positive to a negative value. Secondly, minimal baseline wander can contribute significantly to erroneous P wave amplitude measurements. Thirdly, ifthe accuracy ofelectrocardiographic wave measurement by computer is regarded as constant irrespective of the particular electrocardiogram being analysed, then the percentage variations will be highest for the component with the lowest mean amplitude, i.e. the P wave.
The fact that P wave day to day variation was less than beat to beat variation demonstrates that averaging of amplitudes is of value in improving P wave analysis. This suggests that averaged values of P wave measurements should be used in any studies on serial P wave changes. (Willems et al., 1972) . This was not always the case with angular measurements. For example, the 96 per cent range of the variation of the counterclockwise rotation ofthe maximum spatial T vector in the frontal plane using the modified axial lead system was 220 whereas in the Frank (I956) system it was 460 using unmarked recordings (Willems et By using the data presented above, together with those obtained from a series of patients with myocardial infarction (Cawood et 
